There is no standard rule for the definition of an optimal amount of international reserves and several assumptions underlie the rationale behind holding reserves. There are various theoretical approaches, but no standard for the evaluation of the performance of optimal level models, and their parameters are difficult to estimate. The literature suggests that the benefits of holding reserves are high, but the accumulation of reserves is a costly strategy. In fact, in a world of high liquidity and free capital flow, establishing an optimal level for international reserves is still a puzzle. The strategy of accumulating international reserves is evaluated here using data from the 2008-2010 crisis. It is shown that countries with higher international reserve holdings had less adjustment costs during the global financial crisis. The cost-benefit relationship of holding reserves is also discussed based on a sample of 71 countries.
Introduction
The crises of the 1990s showed how countries were vulnerable to capital flows. Since the Asian crisis, many countries substantially increased levels of international reserves to prevent similar episodes. So, the literature concerning international reserve holdings has increased in recent years and many authors discuss the accumulation of international reserves in emerging market economies using a variety of explanatory issues. Based on the many issues found in the literature this paper emphasizes three main motivations for holding international reserves: precaution, mercantilism and economic policy. The precautionary motivation includes issues like the provision of coverage for transaction operations and liquidity for debt payments and for capital outflows. In the mercantilist motivation it is considered that countries devaluated foreign exchange rate to make exports more competitive or they accumulate more international reserves to seem more reliable to investors compared to neighbor countries. In the economic policy motivation it is considered that international reserves are a byproduct of monetary policy or they are the result of wealth accumulation for future generations.
Despite all the effort that has gone into research there is no unified methodology to reference for the process of reserves accumulation. This problem may be a consequence of the different rationales each country applies when defining its international reserves accumulation policy. The difficulties are also related to the measurement of the relevant variables that each model takes into account. In addition, it is difficult to establish a measurement of performance for the myriad of available models. This paper contributes to the literature by producing empirical evidence to show that countries with higher levels of international reserves had lower adjustment costs in the period of the financial crisis of [2008] [2009] [2010] 1 . The paper also discusses the cost and benefit relationship of international reserve holdings using a sample of 71 countries. The aim of the paper is not to provide an answer to the optimal reserves level conundrum but to contribute to this debate with empirical findings.
A literature review is presented in the next section to discuss three key issues: the motivation for holding international reserves, the optimal level of reserve holdings and the GDP performance in crises. In the third section it is presented the methodology applied in the paper to a sample of 71 countries. The fourth section presents an econometric evaluation of GDP losses and it is discussed the cost-benefit relationship of holding international reserves for the countries in the sample. In the fifth section the empirical findings are discussed and it is shown that international reserves worked as an insurance against a crisis irrespective of the motivation for reserve holdings. Finally, the conclusions are presented.
Literature Review
In this section it is showed some literature issues used in explaining the rationale of holding international reserves. Then, it is showed that there are many models in the literature to calculate optimal level for international reserves and they are based on different assumptions. It is showed that the literature reports a broad range for GDP losses during crisis. Finally, the section presents some literature findings on the GDP and international reserves relationship during crises, since GDP performance during crisis is a key variable for the precautionary motivation of holding international reserves.
Motivation for Holding International Reserves
The literature emphasizes many issues to justify the accumulation of international reserves and this paper connects the issues with one of the three main motivations:
precaution, mercantilism and economic policy. The precautionary motivation considers international reserves a tool to deal with uncertainty. The mercantilist motivation means an active strategy to take competitive advantage. The economic policy motivation is related to wealth management, monetary policy, foreign exchange rate policy etc.
Traditionally the rationale behind holding reserves associates them with precautionary motivation. According to Hawkins and Rangarajan (1970) international reserves may be viewed as national wealth in some cases, but also as a tool to finance balance-of-payments deficits. Indeed, international reserves and the balance of payments are interconnected and according to Allen, Rosenberg, Setser and Roubini (2002) the crises prevention depends on an asset-liability currency match. Alberola et al. (2016) argue that countries with lower international reserves are more likely to see their residents place their capital abroad during crisis. The evidence of precautionary motivation against crisis is discussed in Frankel and Saravelos (2012) and Steiner (2013) . Ghosh, Ostry and Tsangarides al. (2014) state that the motives for holding international reserves has shifted from insurance against current account shocks to insurance against capital accounts shocks and then the international reserves became a by-product of a possible mercantilism approach. The work of Cheung and Sengupta (2011) evaluates a behavior that is connected to the mercantilist motivation. They evaluate if countries in Latin America continues to add international reserves to keep up with others countries in the region. The mercantilist behavior in particular in Asia countries is discussed in the works of Steiner (2013), Pontines and Rajan (2011), Srinivasan and Kumar (2012) and Bonatti and Fracasso (2013 Taguchi, Nataraj and Sahoo (2011), Aizenman and Ito (2012) and Steiner (2015) .
This paper focuses on the precautionary motivation of holding international reserves, and it does not intend to argue that other motivations are not relevant.
Optimal Level Approaches
There are several approaches but no standard for the calculation of an optimal level. This section presents four approaches: cover indicators, cost-benefit analysis, macroeconomic relationships and insurance approaches.
An adequate level of international reserves was previously considered to be the amount needed to cover at least three months of imports. Given increased capital flows this rule has generally come to be regarded as outdated (Mulder, 2000) . A coverage indicator of international reserves adequacy which has become very popular is the amount needed to cover the short-term external debt (IMF, 2000 and IMF, 2004) . The ratio of reserves to shortterm external debt is a guide to reserve adequacy based on currency and financial crisis concerns 2 . Wijnholds and Kapteyn (2001) extended the Guidotti ratio by adding an M2
percentage to the Guidotti rule for reserves requirements. The authors state that, besides short-term debt, the calculation of an adequate level of reserves should also include a monetary supply ratio to take the possibility of capital outflows into account. Heller (1966) was the first to analyse international reserves adequacy using a cost-benefit approach. According to Heller, a country can use some policies, such as expenditureswitching entailing welfare reduction, to mitigate external imbalances. Heller's model considers the avoidance of adjustment costs as a benefit of holding reserves. Clark (1970) developed a structural model based on this assumption considering the variability of reserve levels and the costs of adjustment 3 . In the buffer stock model (inventory model) proposed by Frenkel and Jovanovic (1981) an optimal reserves levels depends on the variability of international transactions, where reserves work as a buffer stock to accommodate fluctuations in external transactions, and it is expected that the optimal stock level is positively correlated to the extent of these fluctuations and negatively correlated to carrying costs, since they are invested at lower rates than the opportunity costs 4 . Several empirical papers deal with variants of the cost-benefit approach 5 . The costs of financial crisis are measured as a function of the gap between the GDP after the crisis and the potential GDP if the crisis had not occured. According to Ben-Bassat and Gottlieb (1992) the more open a country is, the higher the GDP contraction due to a financial crisis will be. The cost-benefit approach is very sensitive to the factors which are assumed to underlie it, i.e. adjustment and opportunity costs and the crisis probability.
One alternative approach to evaluating international reserve holdings is to consider a macroeconomic model in which reserves are endogenous. Aizenman and Marion (2002) and Ades and Fuentes (2005) take this kind of approach, treating international reserves as a dependent variable in a panel regression with GDP per capita, population, volatility of exports, imports to GDP ratio and volatility of the nominal exchange rate. The rationale given in Aizenman and Marion (2002) is that reserve holdings should increase with the size of international transactions and with a country's population and standard of living. Reserve holdings should increase with the volatility of international receipts and payments and they should be positively correlated with the volatility of a country's exports. According to the authors, since reserves should increase with concerns about the vulnerability to external 3 Some papers which apply the cost-benefit approach are Flood and Marion (2002) , Ramachandran (2004) , Mora and Plazas (2004), Varella (2004) , Soto et al. (2004) and Soto et al. (2005) . 4 Bar-Ilan and Marion (2004) propose a model of optimal reserve holdings where the reserve authority controls the upward and downward drift of international reserves and chooses the trigger points which induce changes in drift. 5 Salman and Salih (1999) , Ramachandran (2004) and Silva and Silva (2004) model the dynamics of international reserves using a GARCH specification. An interesting feature in these works is that they use time series for individual countries (Turkey, India and Brazil respectively) rather than working with cross-sectional data.
shocks, they should be positively correlated with the average propensity to import 6 . Obstfeld et al. (2010) investigate the empirical determinants of reserve growth and they consider the log of the ratio of M2 to GDP, a measure of financial openness, a pegged exchange rate dummy and a soft-peg exchange rate dummy. They conclude that reserve holdings are explicable, since they did not find major under prediction (at least not systematically), and they did not identify the suspected excessive accumulation in emerging-markets.
Some authors develop models based on financial options or based on insurance approaches. Cordella and Yeyati (2005) discuss some forms of national insurance, such as capital controls, self-insurance (accumulation of reserves), private insurance (hard to find) and IMF packages. Panageas (2004a and 2004b) argue that central banks should adopt best-risk-management practices and they give the example of including the CBOE Volatility Index (VIX) in a reserves portfolio. Lee (2004) uses an approach based on option pricing which evaluates the insurance value of reserves. Jeanne and Rancière (2011) present a model for the optimal level of reserves for a small open economy seeking insurance against sudden stops in capital flows.
As it can be seen from the literature, there are many models that can be included in any one of the approaches: cover indicators, cost-benefit analysis, macroeconomic relationships and insurance. No matter the model is used, there are many questions that can be raised about assumptions and parameters choices. The next sub-section discusses a key issue for the precautionary motivation of holding international reserves which is the GDP losses during crises.
GDP losses in Crises
It is important to highlight that the literature on adequacy of international reserve holdings rely on the benefits and costs. International reserves holdings may reduce the GDP losses, the borrowing costs and the fiscal costs in a crisis. However, reserves holdings imply carrying costs. Hutchison (2001) investigates the fall in real GDP in 1998 for five East Asian countries that experienced a severe currency and balance of payments crisis in 1997. He evaluates predicted versus unpredicted growth and states that the largest unexpected fall in real GDP was in Indonesia (17.6 percentage points) and the smallest was in the Philippines (3 percentage points).
Ben-Bassat and Gottlieb (1992) apply a log-linear equation which measures the current difference between actual GDP after a default and potential GDP (expected GDP) that would have occurred if the economy had continued to grow at the pre-default growth rate. The difference between the actual and predicted GDP is a function of the level of openness of the economy and according to the authors, output loss is higher than 50% of annual GDP.
Hoggarth, Reis and Saporta (2001) find that the cumulative output losses incurred during crisis periods were roughly 14%-24%, on average, of annual GDP. Demirgüç-Kunt et al.
( 2000) find that a banking crisis is accompanied by a decline in output growth in the order of 4%. Gupta (2002) reports costs of 5.1% of annual GDP for currency or banking crises and 13.3% of GDP for "twin" crisis. Jeanne and Rancière (2011) calibrate their model for an optimal level of reserves considering output losses of 10% of GDP.
Haldane, Hoggarth and Saporta (2004) emphasize that "twin crisis" episodes, i.e. banking instability and sharp pressures on a country's exchange rate at the same time, are associated with larger losses of GDP than single crises. Furthermore, estimates of fiscal costs are also larger. 7 Komarek and Melecky (2005) confirm the greater severity of crises with more than one cause (twin crisis). They report cumulative losses for current account reversals of 2% and for joint of current account and currency crises of 21% of GDP. Aziz et al. (2000) report losses in the range of 4%-9%. Laeven and Valencia (2012) reports the median output loss of 23%.
The assumption of GDP losses in a crisis is an important issue for the precautionary motivation of holding international reserves. The literature reports a broad range for GDP losses during crisis and a careful evaluation of this issue is needed in order to evaluate any measure of optimal level of international reserves. 7 Silva Junior (2010) discusses the degree of freedom that a country has to manage a crisis if it has enough international reserves. According to the author, international reserves help an emerging market to operate with lower interest rates during a crisis than those which would be needed in an environment with low international reserves. For those countries with high domestic debt, lower interest rates are a fiscal benefit of international reserves. International reserves themselves are not sufficient to operate with lower interest rates during a crisis, but they are a necessary requirement for this purpose. It is also worth mentioning that once a central bank raises interest rates it takes time to reduce them again.
International reserves and GDP losses
The literature evaluating the impact of the recent global crisis on advanced economies and emerging markets is still evolving. This literature relies on econometric analysis to determine whether countries' economic fundamentals or others issues explain why the impact was different for each country. Berkmen, Gelos, Rennhack, and Walsh (2009), Lane and Milesi-Ferretti (2010) , Blanchard et al. (2010) and Llaudes, Salman and Chivakul (2010) conduct econometric analysis with a measure of economic growth as the dependent variable.
The authors use some explanatory variables which include trade, debt, financial market issues, population and capital flows among others. Despite the similarities in their aim, there are several differences among these studies in the specification of the models, the size of the samples and the definition of dependent and independent variables. The focus in these papers is a set of variables which may explain the impact of the recent global crisis. Berkmen et al.
(2009) find that financial factors such as leverage (measured as the credit to deposit ratio), appear to have been key in determining the size of the growth revision for emerging markets.
According to them, the stock of international reserves (measured in numerous ways, such as a share of GDP, exports, or short-term debt) did not have a statistically significant effect on the growth revisions.
Lane and Milesi-Ferreti (2010) find a strong link between the fall in GDP growth rate (and also in domestic demand) and pre-crisis domestic financial factors such as rapid private credit growth and external imbalances measured as current account deficits. They find, albeit with less econometric robustness, a relationship between GDP growth (and also demand) and real-side variables such as trade openness and manufacturing share. They also find that countries with pegged exchange rate regimes experienced weaker output growth during the crisis and they find some evidence that countries with higher reserves experienced smaller declines in demand. They find that emerging and developing countries with higher short-term debt as a ratio of reserves experienced sharper declines in output and demand. Dominguez, Hashimoto and Ito (2012) argue that more international reserves are related to higher GDP growth after the global financial crisis.
Some of the findings of Llaudes et al. (2010) are aligned with those of Lane and MilesiFerreti (2010) . Llaudes et al. (2010) conclude that emerging markets with smaller initial vulnerabilities went into recession later and exited earlier, and suffered smaller declines in output during the first stage of the crisis. Emerging markets with greater external linkage (dependence on demand from advanced economies or exposure to foreign bank claims) experienced sharper falls in output. Countries with pre-crisis credit booms had sharper output falls since the credit booms were typically foreign-financed and the credit booms were more pronounced for countries with fixed exchange rate regimes. Llaudes et al. (2010) also conclude that reserves, up to a certain point, helped dampen the impact of the crisis on emerging markets. Blanchard et al. (2010) find that the most significantly robust variable explaining the fall in GDP growth rate is short-term external debt, suggesting a central role for the financial channel in the crisis. They did not find econometric evidence that international reserve holdings were important buffers to the crisis, which is in line with Berkmen et al. (2009) .
Methodology
This country's capital market. The second explanatory variable is a dummy of one (1) for developed economies and zero (0) for non-developed economies. The third variable is the total external debt of a country divided by GDP. The fourth variable is annual imports divided by GDP, which is used to capture openness in the trade account, and finally the amount of international reserves divided by GDP is investigated.
The cost-benefit relationship of the strategy of accumulating international reserves is also investigated here on the basis of the 2008-2010 data. The costs and benefits are measured as fractions of GDP. In this study, costs are considered to be equated to the difference between domestic interest rates and the return on investment of international reserves. The benefits are associated with the avoidance of four problems: GDP losses, tax revenues losses, increase in domestic borrowing costs and external borrowing costs.
Empirical Evaluation of 2008-2010 Crisis
This section presents an evaluation of the effectiveness of holding international reserves.
This effectiveness is measured by GDP growth. If international reserves are effective, countries with higher international reserves should have lesser GDP losses in crisis. The section also evaluates the cost-benefit relationship of holding international reserves.
The Self-insurance Effectiveness of International Reserves
Because of multi-collinearities showed in Table 1 , it is not feasible to include all the explanatory variables in the same regression equation in order to evaluate the impact of the crisis on the sample countries. However, including all the variables in the same regression is unnecessary since there are two different problems to be investigated. Firstly it is necessary to differentiate the reserves accumulation strategies of the countries in the sample, and then to control the results of those strategies in the crisis in order to evaluate their effectiveness as insurance.
Table 1
Correlation of explanatory variables
The first equation to be estimated is international reserves as a function of imports and the dummy variable (see equation 1). This relationship captures one dimension of the strategy of holding international reserves, which is to have a minimum amount of resources for transaction purposes. The dummy variable is used in this equation because the empirical evidence in the literature shows that developed economies hold lower reserves.
The highest correlation (0.63) is found between international reserves and imports. This means that it is difficult to include these two variables in the same regression as explanatory variables for crisis impact because of multi-colinearity problems. The high correlation between international reserves and imports suggests that the more a country imports the more international reserves are required for precautionary purposes. The second highest correlation (0.46) is between external debt and the market value of stocks. This is to be expected since the more open capital markets are, the more equity and fixed income assets are available. The high correlation between external debt and the dummy implies multi-colinearity problems if both variables are included in the same regression. The negative correlation between reserves and the dummy suggests developed economies hold fewer reserves than non-developed economies which is in the same direction as much of the empirical evidence.
The relationship in equation (1) between international reserves holdings and imports allows to control the transaction motivation for holding reserves, making it possible to evaluate the insurance effect during the crisis. This means that with the identification of the relationship between reserves and imports it is possible to differentiate countries with different degrees of commercial openness and the different impact of the crisis on the sample economies. The aim here is neither to state that international reserves are held only for trade purposes nor to suggest an adequate measure for reserves holdings. (1) is also considered as explanatory variable. The rationale behind this specification is that higher levels of international reserves may work as insurance against a crisis and that the size of international reserves is normalized by the result of equation (1) for each country.
The impact of the crisis therefore is taken as a function of the size of the capital market and external debt as a fraction of GDP and the excess of international reserves over annual imports. The expected rationale behind equation (2) is that if the country had higher levels of international reserves measured against an average level it would suffer less in a crisis. The coefficient for this variable would therefore be positive. Furthermore, this rationale also implies that a more open capital market exposed the country to the impact of the crisis and the expected coefficient for openness is negative. Table 3 shows econometric evidence that international reserves helped to cushion the fall in GDP growth during the period of 2008-2010 in line with Llaudes et al. (2010) , Dominguez et al. (2012) and Lane and Milesi-Ferreti (2010) . 
Robustness tests
This sub-section presents some robustness tests. In table 4 the robustness tests are focused on specifications similar to those in equations 1
and 2. Table 5 shows robustness tests with unexpected GDP growth as the dependent variable and imports, market, debt and reserves as dependent variables, a specification similar to that in Llaudes et al. (2010) , Blanchard et al. (2010) and Berkmen et al. (2009) . Table 6 shows robustness tests with realized GDP growth as the dependent variable, which is similar to the work of Lane and Milesi-Ferreti (2010) .
Table 5
Robustness tests with specifications similar to Llaudes et al. (2010) , Blanchard et al. (2010) 
Table 6
Robustness tests with specifications similar to Lane and Milesi-Ferreti (2010) 
The cost-benefit relationship
The cost-benefit analysis in Table 7 is only a base case. This base case was built on the possible scenario of a 10% fall in GDP during a crisis (if a country does not have enough reserves). This possible scenario finds support in the literature, and the empirical evidence in figure 1 from the period of 2008-2010 shows that some countries had an average fall in GDP above 4% in those three years (above 10% in the compounded period). The first benefit in the base case scenario is therefore considered to be the avoidance of a 10% fall in GDP over the three years.
Figure 1
Histogram of annual average GDP growth in the period [2008] [2009] [2010] In fact the criteria underlying figure 1 could be considered to be very conservative, since potential GDP growth is not included. This means that the difference between GDP growth and expected GDP growth should be used as a measure of loss in a crisis. The second benefit is fiscal and it is related to the avoidance of tax losses. Loss of tax income in a scenario with a 10% fall in GDP is evaluated on the basis of fiscal charge data from the countries in the sample. The benefits of avoiding higher burdens in the rollover of -16% -14% -12% -10% -8% -6% -4% -1% 1% 3% 5%
domestic debt in a crisis are difficult to measure since it would be necessary to evaluate the structure and the maturity of the domestic debt and the interest rates to be considered as the "level of avoidance of higher burdens" among others features. Some specific crisis events serve to illustrate the problem. In the Mexico crisis in 1995 there was an increase of 37% in annual average domestic interest rates. In the Asia crisis in 1997 there were increases in annual average domestic interest rates of 2.2% in Korea, 1.6% in Singapore, 1.3% in Taiwan The maturity of debt and rollover strategy make it more difficult to evaluate the benefit of avoiding higher interest rates. The real impact of higher interest rates over the three years can only be estimated. The base case scenario supposes there to be a rollover of total domestic and external debt during the three-year period. Evaluating the benefit of avoiding higher burdens on the external debt is not an easy task either. In order to illustrate all the benefits the base case supposes a 1% increase in domestic interest rates (increase in the costs of a domestic debt rollover) and a 1% increase in the costs of borrowing externally if the country does not have the adequate level of self insurance. This means that the carrying costs of debt should be higher in a crisis if the country did not have enough international reserves.
It is also necessary to evaluate some assumptions regarding the costs of holding international reserves. As mentioned above, the costs of holding reserves are measured as the difference between domestic interest rates and the return on international reserves investments. The base scenario of Table 3 supposes a return on international reserves of 1%. The data in this paper makes it possible to evaluate the probability of a crisis in which costs equal benefits. For the scenario shown in Table 7 the costs would be covered by the benefits if a crisis occurred every 10.7 years, meaning that the probability of a crisis which would offset costs in this scenario is 9.3% in average for the whole sample. Jeanne and Rancière (2011) discuss a model for international reserve holdings in which they calibrate the probability of a sudden stop to 10%, with output loss at 6.5% and the potential output growth at 3.3%. 10 The calibration of Jeanne and Rancière (2011) indicates that the scenario in Table   7 is a plausible one.
10
The authors also mention a range of variation from 0 to 25% for the probability of a sudden stop and a range of 0 to 20% for output loss.
Table 7
Cost-benefit relationship (base case) Some alternative scenarios are shown in Table 8 . In fact, there is no simple rule to select a single scenario, which means that the choice of the cost and benefit relationship is a risk management decision. It is important to remember that self-insurance is not necessarily the only motivation for holding reserves but is one of the objectives of a complex set of decisions in a world with high liquidity and free capital flow. This environment makes insurance against high movements of exchange rates an open discussion. Table 8 Scenarios for the cost-benefit relationship
Discussion of Empirical Findings
The regressions do not show that the main rationale for accumulating international reserves is the precautionary purpose. However, they do show that international reserves work as insurance against a crisis irrespective of the motivation for holding them, since higher levels of reserves helped some countries to avoid the main negative impact of the crisis in terms of GDP fall. It is important to highlight that international reserves are not the only variable to take into account in explaining the behaviour of some economies during the 2008-2010 crisis. Furthermore, the main purpose of this study is not to argue that the level of international reserves is a purely exogenous decision. The above regressions simply aim to show that economies with higher levels of reserves reacted better to the crisis, as the literature review indicates. This data does not allow the reader to address the issue of defining an optimal level for international reserves or even to conclude that international reserves are the only means of avoiding a contagious crisis. The econometric findings here are similar to those of Llaudes et al. (2010) and Lane and Milesi-Ferreti (2010) and Dominguez et al. (2012) .
The approach of equations (1) and (2) With respect to the cost and benefit relationship, in a base case scenario the average benefit due to the reduction in crisis adjustment costs is 14.45% of GDP and the average annual cost of holding international reserves is 1.34%, excluding countries where domestic interest rates are equal to or lower than in the scenario of a 1% return on international reserves investments. It means that average benefits of holding international reserves are much higher than average annual costs. In fact, the optimal relationship between benefit and costs depends upon the probability of the crisis and the risk aversion.
Conclusion
There is no single motivation for countries to accumulate international reserves.
Although some authors argue that there is a trend towards accumulating reserves for some hidden mercantilist agenda within foreign exchange rate policy, the evidence in the literature shows that this is not the main driving argument in many emerging markets. In fact, there is evidence in the literature that the precautionary motive is one of the reasons for emerging market economies to increase their international reserve holdings. Some authors argue that the decision of holding international reserves is a passive strategy due to others economic objectives of monetary policy or wealth accumulation. The precautionary motivation and the mercantilist motivation take discussion of international reserves levels from a single endogenous consequence to an exogenous decision. It seems that the puzzle is more complex than any single view of the problem and that decision regarding the level of international reserves fall somewhere between these two extremes.
Aside from the motivation for holding international reserves, this paper provides empirical evidence for the fact that in the 2008-2010 crisis international reserves worked as self insurance for many economies, since countries with more international reserves had less adjustments costs in terms of GDP. This empirical evidence is in line with the discussion of the benefits of holding reserves as the data show that the strategy of accumulating reserves helped some markets to avoid the worst scenario in the 2008-2010 crisis.
The precautionary motivation discussed still leaves open the question of adequacy, since an optimal level of reserves is a function of risk aversion, the probability of crisis and the costs and benefit of this self insurance. The data discussed here is not intended to address the adequacy problem, but they give some dimension to the cost-benefit relationship and make it clear that with regard to cost-benefit, the choice is a risk management decision.
There is no accepted standard to establish a methodology for evaluating the optimal level for international reserves. In a world of high liquidity and free capital flow the level of international reserves will continue to be a puzzle for several economies. Suppose this puzzle of establishing a methodology for international reserves adequacy is solved by a given economy, then its next step may be the design of a wealth management policy which takes more risks with investments to offset the carrying costs.
As a suggestion for further studies, it may be worth evaluating the risk management strategy of holding international reserves for a specific country in more detail and the interaction between the many motivations for such decisions.
